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ABSTRACT 



An LCD displays an image having gradations according to 
a dithering technique. The LCD is capable of canceling a 
direct-current voltage applied to a liquid crystal panel of the 
LCD. The LCD has an A-D converter for achieving a 
dithering operation according to reference voltage pairs that 
are switched from one to another. The LCD employs a phase 
control signal 20 to control the phase of the dithering 
operation. The logic value of the phase control signal 20 is 
changed to switch the reference voltage pairs with respect to 
a given one of the polarities of a LCD driving voltage 
applied to the panel. When data provided by the A-D 
converter involve different gradations, a voltage difference 
is generated between the LCD driving voltages of different 
polarities. This voltage difference produces a direct-current 
voltage in the panel The present invention cancels the 
generated direct-current voltage, to prevent images from 
being stuck into the panel. 

4 Claims, 7 Drawing Sheets 
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LIQUID CRYSTAL DISPLAY result, a LCD driving voltage is applied to each pixel in the 

selected scan line to display a gradation. In the mean time. 

BACKGROUND OF THE INVENTION me A . D converter 906 successively quantizes the image 

1. Held of the Invention signal 902 far the second horizontal scan period into 4-bit 

The present invention relates to a liquid crystal display 5 ^ 30(1 fte «-«* ^ * "J™* m ^ memor y 910a - Th ese 

(LCD) for displaying a gray-scale image, and particularly, to P rocesses w& repeated to display an image on the panel 914. 

an LCD that displays a gray-scale image according to image A dithering technique of realizing 32 gradations with the 

data quantized by an analog-to-digital (A-D) converter. 4-bit A-D converter 906 will be explained. The image signal 

2. Description of the Related Art 902 supplied to the A-D converter 906 is, for example, a 
Television sets employing LCDs usually have A-D con- 10 raste [ jjg? **** a u^orm luminance. The liquid crystal 

voters to digitize analog image signals. A simple-matrix P anel 914 l *™>. fol t exam ^' *° scanning electrodes and is 

LCD for displaying dynamic imaglT converted analog dnven accordu, f to an mSC methoA ^ reference volt " 

i • i ■ 7 < . « . , . ^ . ages are set as follows: 

luminance signal into a digital signal and carries out pulse- 6 

width modulation on the digital signal. The same technique 15 vtl<Vt2 

is applicable to an active matrix LCD employing MLM 

elements, as disclosed in Japanese Examined Patent Publi- . . vbl<vb2 

cation No. 63-6855. To reduce costs, the LCD television sets 

frequently employ low-nurnber-of-bit A-D converters and a According to the NTSC method, the panel 914. is scanned 

dithering technique to provide gradations. ^ from the top to the bottom in a period called a "field." The 

FIG. 7 is a block diagram showing an LCD, according to P^ 1 914 is wholly scanned by two fields that form a 

a prior art, employing the dithering technique. The LCD has 4t rrame." In the first field, the panel 914 is scanned on every 

a 4-bit A-D converter 906. An image signal 902 is supplied otner liae » and m me second field, on the rernaining lines, 

to an analog input terminal AIN of the A-D converter 906, The Bering technique expresses a gradation with a plu- 

which converts the signal into 4-bit data. The 4-bit data is & ? f fields ' ^ tharcfoic » it halves the vertical resolution 

passed through a data bus 908 and is stored in a memory °^ m image. 

910a of a signal electrode driver 910. A multiplexer 904 has ^ *he fast field * a combination of the high and low 

a top switch 904a for switching high reference voltages Vtl reference voltages Vtl and Vbl is used for converting an 

and Vt2 from one to another and a bottom switch 904b for analog raster signal into digital data having a gradation "n, n 

switching low reference voltages Vbl and Vb2 from one to 30 and volta S es corresponding to the data are applied to pixels 

another. The output of the switch 904a is connected to a of ^ P*™ 1 914 - 10 me second field, a combination of the 

high-reference-voltage input terminal Vrt of the A-D con- high and low reference voltages Vt2 and Vb2 is used by the 

vertex 906, and the output of the switch 904& is connected A_D converter 906 to convert the raster signal into digital 

to a low-ref exence-voltage input terminal Vrb of the con- ^ta having a gradation "n" or "n-1." If the first and second 

verier. The switches 904a and 904b are interlocked and 35 fields display the gradation n, they are viewed as the 

controlled in response to a clock signal Ol provided by a gradation n. If the first field displays the gradation n and the 

controller 916. second field the gradation n-1, they are averaged in human 

The controller 916 provides the A-D converter 906 and eves and m as a gradation "n-0.5. M In this way, 
driver 910 with a signal group 4>2 generated according to a 0.5-interval gradations are realized, and the 4-bit A-D con- 
horizontal synchronous signal. The signal group <D2 includes 40 vertcr 906 ^evcs 32 gradations, 
a data sampling clock signal, a shift clock signal used to According to this prior art, the clock signal Ol for 
prepare an address of the memory 910a, a latch clock signal switching the reference voltage pairs from one to another 
used to transfer data in the driver 910, and a timing signal alternates between high and low levels field for each field 
used to carry out pulse-width modulation. The controller 916 Whcn &c polanry of a LCD driving voltage applied to one 
provides a scanning electrode driver 912 with a signal group 45 scannin S electrode is opposite to the polarity of a LCD 
03, which includes vertical scan signals such as a start driving voltage applied to the adjacent scanning electrode 
signal for starting a scan operation and a clock signal for me P olarit y of a LCD driving voltage applied to 
sequentially shifting a select pulse. The driver 910 consists a 8* ven scanning electrode is inverted field by field, the 
of the memory 910a and a pulse-width modulator 910b. The P 6 ™* 1 of aversion of the polarity of the LCD driving 
ou^ut terminals of the driver 910 are connected to the signal 50 voltage agrecs ^ me P^ 0 * 1 of inversion of the clock 
electrodes of a liquid crystal panel 914, respectively. The * L Consequently, the same reference voltage pair is 
output terrninals of the driver 912 are connected to the selected for any one of the polarities of the LCD 
scaiming electrodes of the panel 914, respectively. driving voltage. When a raster signal is converted into two 

The memory 910a successively stores 4-bit data for one gjf 65 ^ta having individual gradations that are different 

horizontal scan period and then transfers all stored data to 55 onc kvcl for me ^ st and second fields > 

the pulse-width modulator 910b. According to a line at a a LCD dnvmg voltage applied to a given scanning electrode 

time scaiming method generally used, the A-D converter 906 ° r a ? yen f Kel depending on me P° iarit y of me LCD 

successively quantizes the image signal 902 for a first driving voltage. p e difference is always in the same dircc- 

horizontalscanperiodinto4.bitdata.The4-bUdatais stored "°. n . lf ^P*™ 1 ° f aversion of the polarity of the LCD 

in the memory 910a. Ina second horizontal scan period,the 60 ^T 8 • J 5 S? **** * S * e * mversio11 of me 

4-bit data for the first horizontal scan period is transferred to Sl ^ u 01 ^ results in applying a direct-current 

the modulator 910b in response to the latch clock signal Of voltase to me P and 914 to stlck mto ^ P anel - 

the signal group <&2 provided by the controller 916. The SUMMARY OF THE INVENTION 

modulator 910d carries out pulse-width modulation on the &ummakx uv iHtt LNVtiNUUN 

4-bit data and provides drive signals to the signal electrodes 65 To solve these problems of the prior art an object of the 

of the panel 914. At this time, the driver 912 provides a present invention is to drive an LCD with an alternating 

select signal to a corresponding scanning electrode. As a current and display images having gradations on the LCD 
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with the use of a low-nuraber-of-bits A-D converter and a showing an LCD according to the embodiment The LCD 
dithering technique employing two fields . This LCD cancels has a 4-bit A-D converter 6. A multiplexer 4 has a top switch 
a direct-current voltage between the LCD driving voltages 4a for selecting one of the high reference voltages Vtl and 
of different polarities applied to a liquid crystal panel of the Vt2 and supplying the selected one to a high-reference- 
LCD and prevents image sticking. 5 voltage input terminal Vrt of the A-D converter 6. The 

In order to accomplish the object, the present invention multiplexer 4 also has a bottom switch 4b for selecting one 

provides an LCD having an A-D converter and a liquid of the low reference voltages Vbl and Vb2 and supplying 

crystal panel. The LCD employs reference voltage pairs to the selected one to a low-reference-voltage input terminal 

display an image having gradations according to a dithering Vrb of the A-D converter 6. An image signal 2 is supplied 

technique. The reference voltage pairs are switched in 10 to an analog input terminal AIN of the A-D converter 6, 

response to the logic value of a clock signal that is inverted which provides 4-bit data according to the image signal 2. 

field by field. According to a selected one of the reference The 4-bit data is passed through a data bus 8 and is stored 

voltage pairs, the A-D converter quantizes an image signal in a memory 10a of a signal electrode driver 10. The driver 

into display data. Drive signals corresponding to the display 10 has the memory 10a and a pulse-width modulator 10b. 

data are applied to the signal electrodes of the panel, and the 15 The output terminals of the driver 10 are connected to the 

scanning electrodes of the panel are sequentially selected, to signal electrodes of a liquid crystal panel 14, respectively, 

thereby display an image, corresponding to the display data, The output terminals of a scanning electrode driver 12 are 

on the panel. The polarity of a LCD driving voltage applied connected to the scanning electrodes of the panel 14, respec- 

to a given scanning electrode is inverted field by field. The tively. A controller 16 provides a phase controller 18 with a 

LCD employs a phase control signal to invert the phase of 2Q clock signal o>l, the driver 10 with a signal group <E>2 

the clock signal according to which the reference voltage produced according to a horizontal synchronous signal, and 

pairs are switched. The logic value of the phase control the driver 12 with a vertical scan signal group 03. The phase 

signal is changed to synchronize one of the reference voltage controller 18 provides the multiplexer 4 with a clock signal 

pairs with any one of the polarities of the LCD driving $4 in response to a phase control signal 20. 

voltage. The LCD also has a unit for controlling the phase ^ rg. 2 explains the setting of the high and low reference 

control signal so that the reference voltage pairs are evenly voltages Vtl, Vt2, Vbl, and Vb2. The high and low refer- 

selected with respect to the polarities of the LCD driving ence voltages Vt2 and Vb2 are higher than the high and low 

voltage over a sufficiently long period. reference voltages Vtl and Vbl, respectively, by Vz LSB 

The clock signal for switching the reference voltage pairs where LSB is the voltage resolution of the A-D converter 6. 

is periodically inverted to alternate the reference voltage 30 The high reference voltage Vt2 is adjusted to a white level 

pairs with respect to any one of the polarities of the LCD of the image signal 2, and the low reference voltage Vbl is 

driving voltage. This technique cancels a voltage difference adjusted to a black level of the image signal 2. The voltages 

between the polarities of the LCD driving voltage due to the Vt2 and Vb2 may be lower than the voltages Vtl and Vbl, 

dithering operation, because the polarity of the LCD driving respectively. In this case, the high reference voltage Vtl is 

voltage difference is inverted when the reference voltage 35 adjusted to the white level, and the low reference voltage 

pairs are switched from one to another with respect to the Vb2 is adjusted to the black leveL The high and low 

polarity of the LCD driving voltage. The reference voltage reference voltages Vtl and Vbl form a reference voltage 

pairs are evenly selected with respect to the polarities of the pair Vtl-Vbl, and the voltages Vt2 and Vb2 form a refer- 

LCD driving voltage, to cancel a direct-current voltage ence voltage pair Vt2-Vb2. These pairs are periodically 

applied to the panel, to thereby prevent images from being 40 switched from one to another to display an image having 

stuck into the panel. gradations according to the dithering technique. 

BRIEF DESCRIPTION OF THE DRAWINGS FIG. 3 is an enlarged view showing a left upper part of the 

CTr -t • < 1 * . . . T , panel 14. A pixel 300 is at the intersection of a scanning 

FIG 1 is a block diagram showing an LCD according to ^ lectrode 10 5and a signal electrode 200. Scanning elec 

anembodirnent of the present invention; ^ ^ fa ^ md are selected one after another from the 

FIG. 2 explains high and low reference voltages accord- top of ^ panel u Adjacent scannillg electrodes 

ing to the embodiment; drive voltages having opposite polarities. The polarity of a 

FIG. 3 is an enlarged view showing the upper left corner LCD driving voltage applied to a given scanning electrode 

of a liquid crystal panel according to the embodiment; j s inverted field by field. 

FIG. 4 is a timing chart showing the operation of the 50 piGS. 4 and 5 are timing charts explaining the operation 

embodiment; of me embodiment In (A) to (G) of FIG. 4, the phase control 

FIG. 5 is a timing chart showing the operation of the signal 20 is at high leveL "AIN" in (A) of FIG. 4 represents 

embodiment; the image signal 2 supplied to the A-D converter 6. Refer- 

FIG. 6 explains the relationship between a comparison ence marks (1), (2), (3), and (4) of (A) in FIG. 4 are field 

voltage and an input voltage in an A-D converter according 55 numbers. The clock signal Ol of (B) in FIG. 4 alternates 

to the embodiment; between high and low levels field by field The phase control 

FIG. 7 is a block diagram showing an LCD according to signal 20 of (C) in FIG. 4 is at high leveL The clock signal 

a prior art; $4 of (D) in FIG. 4 is provided by the phase controller 18. 

FIG. 8 shows a phase controller 18 of the LCD according In HG. 4, (E) shows the potential of a high reference voltage 

to the embodiment; and 60 Vrt to the A-D converter 6. The voltage Vrt is one of the high 

FIG. 9 shows a multiplexer 4 of the LCD according to the reference voltages Vtl and Vt2 selected by the top switch 4a 

embodiment. °f me multiplexer 4. In FIG. 4, (F) shows the potential of a 

low reference voltage Vrb to the A-D converter 6. The 

DESCRIPTION OF THE PREFERRED voltage Vrb is one of the low reference voltage Vbl and Vb2 

EMBODIMENTS 65 selected by th e bottom switch 4b of the multiplexer 4. In 

An embodiment of the present invention will be explained FIG. 4, (G) shows the polarity of a LCD driving voltage 

with reference to FIGS. 1 to 6. FIG. 1 is a block diagram applied to the top (first) scanning electrode of the panel 14. 
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When the polarity of the LCD driving voltage is positive, it Accordingly, the following relationship is established: 
is indicated that the field carries out a positive write opera- 
tion (+ write operation), and when the polarity of the LCD al<a2<ftl 

driving voltage is negative, it is indicated that the field The waveform of the image signal 2 has heights of, for 

carries out a negative write operation (- write operation). In 5 example, el and e2 that have the following relationship witii 

+ write operation, a voltage during the period when the respect to the comparison voltages al, a2, and bl: 
scanning electrode is selected is higher than a voltage during 

the period when the scanning electrode is not selected. In - al<ei<a2<e2<ki 

write operation, a voltage during the period when the When me phase control signal 20 is at high level as shown 

scanning electrode is selected is lower than a voltage during 10 ^ nGt 4( Ae wave neight el for a given odd field is 

the period when the scanning electrode is not selected. quantized according to the comparison voltage al. Since the 

In (H) to (N) of FIG. 5, the phase control signal 20 is at wave height el is higher than the comparison, voltage al and 

low level Reference marks in this figure are the same as lower than the comparison voltage bl, the seventh gradation 

those of FIG. 4. Namely, "AEST of (H) in FIG. 5 represents i s selected. The wave height el for a given even field is 

the image signal 2 supplied to the A-D converter 6. Refer- 15 quantized according to the comparison voltage a2. Since the 

ence marks (1) to (4) of (H) in FIG. 5 are field numbers. In wave hdght el h lower ^ m ^ comp arison voltage a2, the 

HG. 5 (D shows the c ock signal Ol, (J) shows the phase sixth is sdecte(L when ^ ^ ^ ^ 

control sjgnal 20 at low level, and(K) shows the clocksignal fa at low ^ M ^ m nQ 5 ^ waye ^ ^ 

<&4. In FIG. 5, (L) shows the potential of the high reference - ... ' „ ^ *^ 

voltage Vrt at the A-D converter 6, and (V0 shows the ^ &™ ^ fiel * ^ quantized according to the companson 

potential of the low reference voltage Vrb at the A-D voltage a2 and therefore the ^ sixth gradation is selected, 

converter 6. In FIG. 5, (N) shows the polarity of a LCD Similarly, the wave height el for a given even field is 

driving voltage applied to the first scanning electrode of the ^ uantized according to the comparison voltage al, and 

panel 14. therefore, the seventh gradation is selected. In this way, the 

InHGS.4and5,theclocksignal<Misatlowlevelinthe 25 >cven J ^*> ns "« display^ in the first and 

odd fields (1) and (3) and is at high level in the even fields f^t?^ 5 whatever the level of the phase control signal 

(2) and (4). When the phase control signal 20 is at high level *° These gradations are visually averaged into a grada- 

as shown in FIG. 4, the phase of the clock signal 04 uon 6.5. m the case of the wave height e2, it is higher than 

provided by the phase controller 18 agrees with the phase of the comparison voltages al and a2 and lower than the 

the clock signal Ol. When the phase control signal 20 is at comparison voltage bl. Accordingly, the seventh gradation 

low level as shown in FIG. 5, the phase of the clock signal 30 is displayed in each of the odd and even fields whatever the 

04 is opposite to the phase of the clock signal Ol. Namely, level of the phase control signal 20 is. As a result, the 

the logic value of the phase control signal 20 is changed seventh gradation is viewed. The first scanning electrode 

from high to low, or from low to high, to invert the phase of carries out a negative write operation in each odd field and 

the clock signal 0»4. The clock signal <M is supplied to the a positive write operation in each even field. Table 1 shows 

multiplexer 4 to switch the reference voltage pairs. If the 35 the relationship between the polarity of a LCD driving 

clock signal $4 is at low level, trie multiplexer 4 selects the voltage and a gradation to be displayed, 
reference voltages Vtl and Vbl, which are supplied to the 

input terminals Vrt and Vrb of the A-D converter 6, respeo- TABLE 1 
tively. According to these reference voltages, the A-D con- 



verter 6 converts the image signal 2 into 4-bit digital data. 40 Phase control signal High High Low 

If the clock signal 04 is at high level, the multiplexer 4 F*H Odd Even Odd Even Low 



selects the reference voltages Vt2 and Vb2 according to G _ da . 

which the A-D converter 6 converts the image signal 2 into Gradation to e2 7777 

4-bit digital data. The polarity of the LCD driving voltage ©rive polarity + - + 
applied to the first scanning electrode of the panel 14 is set 45 (Write mode) 

to carry out a negative write operation in the odd fields (1) — — — « — — — — — 

and (3) and a positive write operation in the even fields (2) A - ™ . , , - , , ^ , A . , 

and (4). As snown m ™e 1, the field that displays the lower 

T7»v-t \ , - *u 1 - v * 1. *. - gradation is fixed to one of the polarities of the LCD driving 

voltate pairs Vtl-Vbl and Vt2-Vb2 and the voltage of the 50 * VCl * Y ^ $ ^ * ^T?*™ CM< ? ™ { ^ one of 
image signal 2. This embodiment equally divides the dif- *£ c P olanaes of mc volta S e 15 ^zys stronger 

ference between the high and low reference voltages by 14, ^ anothcr wnte OP 6 ^ 011 «* ™& ^ 

to provide comparison voltages used by the A-D converter Pokrity of the LCD driving voltage. This results in causing 
6 to quantize the image signal 2. When the reference voltage a LCD ^ving voltage difference depending on the polarity 
pair Vtl-Vbl is selected for quantization, a comparison 55 of me LCD driving voltage, to apply a direct-current voltage 
voltage al sets a border between the sixth (0110) and to the panel 14. On the other hand, if the logical value of the 
seventh (0111) gradations, and a comparison voltage bl sets phase control signal 20 is periodically alternated, the field 
a border between the seventh (0111) and eighth (1000) that displays the lower gradation alternates with respect to 
gradations. The comparison voltage al is the sixth potential any one of the polarities of the LCD driving voltage. In this 
from the bottom when the difference in the reference voltage 60 case, the panel 14 may receive a direct-current voltage for a 
pair is equally divided by 14. When the reference voltage short period but the polarity of the direct-current voltage is 
pair Vt2-Vb2 is used for quantization, a comparison voltage inverted when the logic value of the phase control signal 20 
a2 sets a border between the sixth and seventh gradations. is changed. As a result, the direct-current voltage is can- 
ine high and low reference voltages are set as follows; celed. Namely, no direct-current voltage occurs over a 

vti<vt2 ^ 5 logger period. 

Changing the logic value of the phase control signal 20 is 

vbl<Vb2 used to cancel the direct-current voltage applied to the panel 
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14. Therefore, it is preferable to equalize the periods of high 
and low levels of the phase control signal 20 with each other. 
If these periods are too short, however, it will cause flick- 
ering. According to our experiments, the periods are each 
about one minute to cause no flickering and cancel the 5 
direct-current voltage. 

The easiest way to control the logic value of the phase 
control signal 20 is to periodically change the same. It is 
possible to employ a random number generator to change 
the logic value of the phase control signal 20 at random. The 10 
logic value of the phase control signal 20 may be periodi- 
cally changed by counting pulses of the clock signal 01. 
This technique is easy to realize with the controller 16. 

FIG. 8 shows an example of the phase controller IS of 
FIG. 1. 15 

The phase controller 18 consists of an EXOR circuit 50 
and a NOT circuit 52. 

The EXOR circuit 50 receives the clock signal 01 and 
phase control signal 20 and provides the NOT circuit 52 with 
an exclusive OR of the two signals. The NOT circuit 52 20 
logically inverts the same and provides the clock signal 04. 

When the phase control signal 20 is at high level, the 
phase of the clock signal 44 agrees with the phase of the 
clock signal 01, and when the phase control signal 20 is at 
low level, the phase of the clock signal 44 is opposite to the 25 
phase of the clock signal $1, as shown in FIGS. 4 and 5. 

The NOT circuit 52 may be omitted to use the output of 
the EXOR circuit 50 as the clock signal 44. In this case, the 
phase of the clock signal <£4 is opposite to the phase of the 
clock signal 4>1 when the phase control signal 20 is at high 30 
level, and agrees with the phase of the clock signal <t>l when 
the phase control signal 20 is at low level, contrary to FIGS. 
4 and 5. The effect of this arrangement, however, is the same 
as that of the embodiment mentioned above. 

FIG. 9 shows an example of the multiplexer 4 of FIG. 1. 35 
1Yansfer-gates-a(TGa) 71 and TGb 72 form the top switch 
4a of the multiplexer 4, and transfer gates TGc 73 and TGd 
74 form the bottom switch 4b thereof. 

When the clock signal 44 is at low level, the TGa 71 and 
TGc 73 are ON, and the TGb 72 and TGd 74 are OFF, to 40 
select the reference voltage pair Vtl-Vbl. When the clock 
signal 44 is at high level, the TGb 72 and TGd 74 are ON, 
and the TGa 71 and TGc 73 are OFF, to select the reference 
voltage pair Vt2-Vb2. 

In this way, the high and low reference voltages are 45 
interlocked and switched according to the logic value of the 
clock signal 44. 

The multiplexer 4 is not limited to that of FIG. 9. It may 
have any arrangement if the top and bottom switches 4a and 
4b are interlocked and switched according to the clock 50 
signal 44. 

According to this embodiment, the reference voltage pairs 
are switched field by field, and the same reference voltage 
pair is selected for all scanning electrodes in a given field. 
It is possible to select different reference voltage pairs for a 55 
given scanning electrode field by field, and in each field, 
different reference voltage pairs may be selected for respec- 
tive scanning electrodes. A direct current voltage is applied 
to the liquid crystal panel 14 for each of the scanning 
electrode since the same reference voltage pair is selected 60 
for one of the polarity of the LCD driving voltage. Contrary 
to this, the direct-current voltage is canceled when the logic 
value of the phase control signal 20 is inverted to select the 
other reference voltage pair and apply a direct-current 
voltage of opposite polarity to. the panel 14. 65 

The present invention controls a LCD driving voltage in 
a conventional manner and periodically alternates reference 



132 

8 

voltage pairs with respect to any one of the polarities of the 
LCD driving voltage. It is possible to select reference 
voltage pairs in a conventional manner and periodically 
alternate the polarities of a LCD driving voltage. 

As explained above, the present invention provides an 
LCD that alternately selects one of two reference voltage 
pairs in response to a clock signal that is inverted in response 
to a phase control signal, to achieve a dithering operation 
employing two fields. Since the reference voltage pairs are 
alternated with respect to any one of the polarities of a LCD 
driving voltage applied to the LCD, a direct-current voltage 
due to a voltage difference between the polarities of the LCD 
driving voltage is canceled, and images are not stuck into a 
liquid crystal panel of the LCD. The phase control signal 
may be provided externally so that the period and waveform 
thereof are optionally set according to the characteristics of 
the liquid crystal panel. 

We claim: 

1. A liquid crystal display, comprising, 
an analog-to-digital converter; 

a liquid crystal panel having signal and scanning elec- 
trodes; 

means for switching at least two reference voltages from 
one to another at first intervals for input to the analog- 
to-digital converter to quantize an analog image signal 
into display data according to a dithering technique; 

means for using the display data to prepare signals applied 
to the signal electrodes of the panel; 

means for applying a select signal to the scanning 
electrodes, the signals applied to the signal and scan- 
ning electrodes of the panel having alternate polarities 
to display on the panel an image with gradations,; 

said at least two reference voltages being divided into two 
groups, each of said two groups being alternately 
synchronized with one of the polarities of the select 
signal applied to one of the scanning electrodes at 
second intervals, each of said second intervals being 
two times longer than each of the first intervals at which 
the at least two reference voltages are switched from 
one to another. 

2. A liquid crystal display, comprising; 
an analog-to-digital converter; 

a liquid crystal panel having signal and scanning elec- 
trodes; 

means for switching at least two reference voltages from 
one to another at first intervals for input to the analog- 
to-digital converter to quantize an analog image signal 
into display data according to a dithering technique; 

means for using the display data to prepare signals applied 
to the signal electrodes of the panel; 

means for applying a select signal to the scanning 
electrodes, the signals applied to the signal and scan- 
ning electrodes of the panel having alternate polarities 
to display on the panel an image with gradations,; 

said at least two reference voltages being divided into two 
groups, each of said two groups being alternately 
synchronized, with one of the polarities of the select 
signal applied to one of the scanning electrodes at 
random intervals, each of said random intervals being 
two times longer than each of the first intervals at which 
the at least two reference voltages are switched from 
one to another. 

3. The liquid crystal display of claim 1 wherein the at least 
two reference voltages comprise two reference voltage pairs. 

4. The liquid crystal display of claim 2 wherein the at least 
two reference voltages comprise two reference voltage pairs. 

***** 
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